INTRODUCTION
============

Accurate evaluation of surgical risk is essential for both patients and surgeons in the process of making medical and surgical decisions.^[@R1],[@R2]^ Previously, postoperative mortality and morbidity were estimated based on an individual surgeon\'s experience, or on data published by institutions. With the improvement of qualified databases and the accumulation of information, many scoring systems^[@R3]--[@R5]^ and risk calculators^[@R1],[@R6]^ have been developed to predict patient-specific surgical risks and to provide more precise informed consent.

The prevalence and effects of malnutrition have been reported in surgical and hospitalized patients.^[@R7]--[@R9]^ The association between postoperative outcomes and malnutrition has been explored in different fields including geriatric patients,^[@R10],[@R11]^ orthopedic surgery patients,^[@R12],[@R13]^ pediatric surgery patients,^[@R14]^ vascular surgery patients,^[@R15]^ pancreatic surgery patients,^[@R16]^ gastrointestinal surgery patients,^[@R17]--[@R19]^ and cancer surgery patients.^[@R20]--[@R22]^ In the United States, colorectal cancer is the 3rd most common cancer in both men and women.^[@R23]^ Malnutrition is a more common and important issue in colorectal cancer^[@R24]--[@R26]^ than in many other common cancers, and serves as a significant preoperative risk factor.^[@R27]--[@R29]^

The Surgical Risk Calculator of the American College of Surgeons-National Surgical Quality Improvement Program (ACS-NSQIP) was created using an aggregate high-quality database which includes preoperative risk factors and postoperative outcomes from more than 500 medical institutions in the United States and Canada.^[@R1],[@R30],[@R31]^ Surgeons can easily input 21 patient-specific variables to predict the risk for a series of postoperative complications. Hypoalbuminemia, which, according to our previous study,^[@R32]^ predicts the surgical risk of malnutrition more accurately than the underweight subgroup of body mass index (BMI), is not currently included in the calculator as a risk factor.

We used the ACS-NSQIP database to compare 2 groups of surgical risk factors to predict postoperative complications in colorectal cancer patients: the current ACS-NSQIP Surgical Risk Calculator with 21 risk factors; and the ACS-NSQIP Surgical Risk Calculator with hypoalbuminemia added as the 22nd risk factor. We hypothesized that the model which included hypoalbuminemia would improve the accuracy of the current ACS-NSQIP Surgical Risk Calculator.

MATERIALS AND METHODS
=====================

Patient Selection
-----------------

Information from the ACS-NSQIP database during the years 2009 to 2012 was used, selecting patients with the most common cancers which included: prostate; breast; lung and bronchus; colorectal; urinary bladder; uterus corpus and cervix; and thyroid according to the ICD-9 (International Classification of Disease, Ninth Revision) diagnostic codes (Table S1). Colorectal cancer patients undergoing major operations were identified by the current procedural terminology (CPT) codes (Table S2) in the category of Principle Operative Procedure. The number of included patients was 18,532.

Preoperative Risk Factors
-------------------------

The 21 preoperative risk factors of the ACS-NSQIP Surgical Risk Calculator were used and made categorical. BMI was subdivided according to World Health Organization criteria into: underweight (BMI \< 18.5 kg/m^2^); normal weight (18.5--24.9 kg/m^2^); overweight (25--29.9 kg/m^2^); obese class I (30--34.9 kg/m^2^); obese class II (35--39.9 kg/m^2^); and obese class III (≥40 kg/m^2^).^[@R33]^ Hypoalbuminemia was defined as serum albumin levels \<3.5 g/dL.

Postoperative Outcomes
----------------------

Postoperative 30-day mortality, morbidities, and overall complication were selected as the postoperative outcomes. The selected morbidities included: surgical site infection (superficial, deep, and organ); urinary tract infection; wound disruption; pneumonia; re-intubation; on ventilator for longer than 48 h; progressive renal insufficiency; acute renal failure; pulmonary embolism; deep vein thrombosis; stroke; cardiopulmonary resuscitation; myocardial infarction; blood transfusion; sepsis; septic shock; and return to operating room. Accordion Severity Grading System was used for grading and weighting postoperative mortality and morbidities.^[@R34],[@R35]^ We defined postoperative overall complication as the sum of the weighted score for each colorectal cancer patient.

Statistical Analysis
--------------------

Univariate analyses were performed to assess the association between risk factors and postoperative outcomes using Chi-squared test. Multivariate logistic regression models were constructed for postoperative 30-day mortality, morbidities, and overall morbidity by including the risk factors having a *P* value \<0.15 in univariate analyses.^[@R36]^ Purposive selection of variants was performed. Risk factors were removed from the model, in order from the least significant 1 if they had no statistical significance. Model performance was assessed using c-statistics and Brier scores. The c-statistic, referred to as the area under the receiver operating characteristic (ROC) curve, is a measure of discrimination. The discrimination is perfect if the c-statistic is 1, or no better than chance if the c-statistic is 0.5. The Brier score is defined as the mean of the squared difference between predicted probability and observed postoperative outcome for all patients (1 or 0 depending on occurrence or nonoccurrence of an event).^[@R37]--[@R39]^ The Brier score will approach 0 for perfect prediction and reflect discrimination and calibration simultaneously. Multiple linear regression analysis was computed for overall complication with the 22 risk factors. The 2008 ACS-NSQIP database was used as validation for the logistic regression models. The ratios of observed to predicted outcomes (O:P) and c-statistics were calculated to identify the differences in prediction between models with and without hypoalbuminemia.^[@R2],[@R40],[@R41]^ A ratio closer to 1 indicates a better prediction. Tests were 2-tailed and statistical significance was defined as *P* \< 0.05. All statistical analyses were performed on SPSS for Windows, Version 22.

RESULTS
=======

When using the hypoalbuminemia criterion of serum albumin levels \<3.5 g/dL, the prevalence of malnutrition ranged from 9% to 36% in surgical specialties and from 4% to 30% in most common cancers (Table S3). The number of patients with malnutrition was highest in general surgery, and malnutrition was more prevalent in colorectal cancer than in other common cancers.

The association between the hypoalbuminemia status of patients and postoperative outcome was assessed after excluding patients with missing data and without related operations. The resultant patient group included 18,532 colorectal cancer patients undergoing major operations, and among these, 5146 (27.8%) patients were identified as malnourished by the hypoalbuminemia criterion. In univariate analysis, we found that hypoalbuminemia status was significantly associated with 30-day mortality and all previously listed postoperative morbidities except organ surgical site infection and pulmonary embolism (Table [1](#T1){ref-type="table"}).

###### 

Association Between Postoperative Outcome and Hypoalbuminemia
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Multivariate logistic regression models were then used to evaluate the relationships between each postoperative outcome and the preoperative risk factors with and without hypoalbuminemia as a risk factor. The adjusted odds ratios when hypoalbuminemia was included in the models with statistically significant differences are presented in Figure [1](#F1){ref-type="fig"}. The odds ratios ranged from 1.14 to 2.475 in the 15 regression models including 30-day mortality and other serious complication.

![Adjusted odds ratio plot of the association between significant postoperative outcomes with malnutrition evaluated by hypoalbuminemia. ∗*P* \< 0.05, ∗∗*P* \< 0.001, multivariate logistic regression. ARF = acute renal failure, CPR = cardiopulmonary resuscitation, DVT = deep vein thrombosis, OR = operation room, PRI = progressive renal insufficiency, SSI = surgical site infection.](medi-95-e02999-g002){#F1}

When using only the risk factors of the ACS-NSQIP Surgical Risk Calculator for the 15 regression models, the c-statistics ranged from 0.615 for superficial SSI to 0.849 for mortality. With hypoalbuminemia added to the calculator as another risk factor, the increments of c-statistics were noted in all models, except sepsis, with the same result (Figure [2](#F2){ref-type="fig"}). The models performed better with hypoalbuminemia added as a risk factor when comparing Brier scores (Table [2](#T2){ref-type="table"}).

![Comparison of c-statistics in the postoperative complication models with and without hypoalbuminemia as a risk factor. Increments of the c-statistic were noted after adding hypoalbuminemia. ARF = acute renal failure, CPR = cardiopulmonary resuscitation, DVT = deep vein thrombosis, OR = operation room, PRI = progressive renal insufficiency, SSI = surgical site infection.](medi-95-e02999-g003){#F2}

###### 

Comparison of Brier Score Between Without Hypoalbuminemia and With Hypoalbuminemia Models for Postoperative Outcomes
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Compared to other risk factors, the number of postoperative outcomes significantly predicted by hypoalbuminemia was greater than by all other risk factors except gender in multivariate logistic regression models (Figure S1). The postoperative complications predicted by BMI of \<18.5 kg/m^2^ were only 30-day mortality and acute renal failure.

In multiple linear regression analysis, hypoalbuminemia was significantly associated with overall complication (*P* \< 0.001; Table [3](#T3){ref-type="table"}). No significant association was noted between overall complication and some risk factors including previous cardiac event, ventilator dependence, acute renal failure, diabetes mellitus, and BMI.

###### 

Multiple Regression Analysis for Overall Complication
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The observed and predicted numbers of postoperative outcomes in the validation data set including 5391 colorectal cancer patients are listed in Table [4](#T4){ref-type="table"}. The ratios of observed to predicted outcomes in the models with hypoalbuminemia are better or almost equal to those of models without hypoalbuminemia. Improvements in the c-statistics were noted in the hypoalbuminemia models predicting the most postoperative complications which include mortality, blood transfusion, progressive renal insufficiency, cardiopulmonary resuscitation, deep vein thrombosis, stroke, septic shock, ventilator more than 48 h, and acute renal failure. Compared with the model without hypoalbuminemia, the model which included hypoalbuminemia showed a better O:P ratio and equivalent c-statistics in the prediction of pneumonia. In the other complications, the c-statistics of the models with hypoalbuminemia had a minor decrease but their O:P ratios were almost equal to the models without hypoalbuminemia.

###### 

Observed and Predicted Postoperative Outcomes and C-Statistics Between Models Without and With Hypoalbuminemia in Validation Data
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DISCUSSION
==========

This research used data from the bulk and high quality of database of the ACS-NSQIP, and showed the prevalence of malnutrition by surgical specialty and common cancers and high incidence of malnutrition in general surgery and colorectal cancer. The ACS-NSQIP Surgical Risk Calculator is an important and easy tool that allows surgeons to estimate patient-specific postoperative complications and to discuss those potential complications with patients to aid decision making. However, improving the accuracy of predicting complications by adding critical factors is essential for particular patient groups and surgical specialties. After adding a malnutrition factor defined by hypoalbuminemia, the Surgical Risk Calculator had improved discrimination and calibration in predicting postoperative complications in colorectal patients.

Using the NSQIP database, Cohen et al^[@R6]^ and Longo et al^[@R42]^ reported that hypoalbuminemia was an independent risk factor for mortality and morbidity in colorectal surgery. Gibbs et al^[@R43]^ further demonstrated that serum albumin level was a predictor of mortality and morbidity in operations including general, orthopedic, and thoracic surgery. Bromage et al^[@R44]^ concluded that the accuracy of the Colorectal Physiologic and Operative Severity Score for the Enumeration of Mortality and Morbidity (CR-POSSUM) scoring system would be improved after adding albumin levels as an important risk factor. Hypoalbuminemia also served as a factor indicating poor prognosis in long-term survival.^[@R24],[@R29]^ Underweight (BMI \< 18.5 kg/m^2^) and body weight loss \>10% are also screening tools for malnutrition. Body weight loss \>10% is used as an independent item in the Association of Française de Chirurgie score to predict postoperative mortality after colorectal resection.^[@R5],[@R45]^ However, hypoalbuminemia appeared in more models predicting postoperative outcomes than BMI \< 18.5 kg/m^2^ in this study (15 vs 3) or body weight loss \>10% in Gibbs\'s study (8 vs 2).^[@R43]^ The adverse effects of malnutrition in surgical patients were accurately represented by hypoalbuminemia in the evaluation of multivariate regression models.

The diagnosis and reason for conducting a surgical procedure is a certainly an important contributor to postoperative outcome^[@R6],[@R46],[@R47]^ and for the clinical face validity of the Surgical Risk Calculator.^[@R1]^ However, the ACS-NSQIP Surgical Risk Calculator does not include underlying diagnosis as an independent variable for evaluating the risks of postoperative complications. Our study focused on patients with colorectal cancer, which is the major indicator for colorectal surgery, to exclude the effects of indication and to highlight the influence of hypoalbuminemia. Further studies are needed to identify the surgical risk of hypoalbuminemia in patients with other underlying disease, but it is expected that it will serve as an independent risk factor to varying degrees.

Compared with other variables in the Surgical Risk Calculator, previous cardiac events including myocardial infarction, percutaneous coronary intervention, angina, and any major cardiac surgical procedure had more missing data and were not collected after 2013 in the ACS-NSQIP database. The Physiologic and Operative Severity Score for the Enumeration of Mortality and Morbidity (POSSUM) scoring system and its related scoring systems^[@R3],[@R4],[@R44]^ created a cardiac parameter with the cardiac failure classification, which is similar to the American Society of Anesthesiologists (ASA) classification and to the chronic heart failure variables in the ACS-NSQIP Surgical Risk Calculator. Cohen et al^[@R6]^ did not include coronary artery disease in their risk calculator because it did not contribute more significance to the model\'s ability to predict postoperative mortality and morbidity. In this study, previous cardiac events only significantly predicted 4 postoperative outcomes, which were 30-day mortality, cardiopulmonary resuscitation, myocardial infarction, and blood transfusion. Modifying the risk calculator will help avoid the loss of the valuable data of the other important risk factors in multivariate evaluation due to no record of previous cardiac event after 2013.

According to its definition, Brier score is related to the predicted probability, which calculated by multivariate logistic regression model and used to assess the performance of the model. Based on the good prediction of ACS-NSQIP Surgical Risk Calculator, Brier score was closer to 0 after adding hypoalbuminemia as the 22nd risk factor. Hypoalbuminemia for malnutrition assessment increased predictive capacity, although it is not substantial. Further study is required to evaluate the predictive accurate of subgroups stratified by serum albumin level.

We identified the following limitations in our study. The ACS-NSQIP database only includes those patients who receive surgical intervention. Overall rates of malnutrition in some cancers where surgical treatment is not indicated cannot be addressed exactly. The database only records events that happen within the 30-day postoperative window, and this may underestimate the true rate of many postoperative outcomes, which may occur after 30 days. The c-statistics for some postoperative outcomes is below 7, which some have agreed is needed for acceptable discrimination. Similar limitations were noted in previous studies that compared models.^[@R1],[@R6],[@R39]^ Hypoalbuminemia still improves the discrimination of the models by increasing the c-statistics in the training data and validation data. Finally, in multivariate analyses, the records of other confounding variables would be excluded because of data miscoding and omission in some risk factors.

Personalized treatment and patient-centered informed consent are both based on qualified and accurate tools for estimating surgical risks. The ACS-NSQIP Surgical Risk Calculator offers surgeons the ability to evaluate patient-specific postoperative risks quickly, easily, and accurately. The discrimination and calibration of the tool improve after adding hypoalbuminemia into the calculator as an independent risk factor in colorectal surgery for colorectal cancer patients. The modified Surgical Risk Calculator can give surgeons and patients a more precise evaluation of the risks and benefits of associated with surgical procedures.
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